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Hiroshi Kanda* & Kunito Nehira** : The spore 
germination and the protonema development in 
some species of the Hypnobryales (Musci) 

Although considerable attentions have been paid to developmental 
study of mosses, we have little information for the sporeling in pleurocarpous 
mosses. In the present paper, the protonema of 18 species belonging to 6 
families of the Hypnobryales of the pleurocarpous mosses are studied. 

Table 1 shows the materials treated with their localities and dates of 
the collections. Of 18 species, those with asterisk mark were described in 
detail. 

Spores were sown on the liquid medium of one-half-strength Knop’s 
solution in closed petri dishes (6 cm in diameter) with about 10 ml of 
medium which was autoclaved before the experiment. The pH of the 
medium was adjusted to 5.8. The cultures were kept in an incubator at 
22°C-24°C under about 1000 lux on continuous light from white fluorescent 
tubes. 


Observations 

1. Anacamptodon latidens (Besch.) Broth. (Fig. 1, A-G) 

Spores are spherical, 17.5-18.0 /j. in diameter and papillose on surface 
(Fig. 1, A). In a few days after treatment, the spore becomes ovoid. The 
first wall is formed crossing the long axis of ovoid cell at right angle. 
One of daughter cells elongates into short filament, and the second wall is 
formed in parallel to the first wall, resulting in a three-celled filamentous 
protonema (Fig. 1, B). By further divisions, a long filamentous protonema 
with short branches is developed (Fig. 1, C). One or two branches are usually 
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Table 1. Materials and their localities. 

Species 

Locality 

Date of Collection 
(Date of Experiment) 

Fabroniaceae 



*Anacamptodon latidens 

Ozegahara Moor 

Aug. 1973 (Mar. 1974) 

Leskeaceae 



*Lescuraea saxicola 

Mt, Rishiridake 

Jul.1973 (Mar. 1974) 

Thuidiaceae 



*Thuidium bipinnatulum 

Ozegahara Moor 

Aug. 1973 (Mar. 1974) 

Amblystegiaceae 



Cratoneuron filicimim 

Mt. Daisetsuzan 

Jul.1973 (Feb. 1974) 

Sanionia uncinata 

Mt. Ontakesan 

Aug. 1973 (Feb. 1974) 

Campylium sommerfeltii 

Mt. Daisetsuzan 

Jul.1973 (Feb. 1974) 

*Leptodictyum riparium 

Mt. Hakusan 

Aug. 1973 (Feb. 1974) 

Hygrohypnum tsurugizanicum 

Mt. Naebasan 

Aug. 1973 (Feb. 1974) 

Plagiotheciaceae 



Isopterygium albescens 

Amamiooshima Isl. 

Mar. 1964 (Apr. 1964) 

Vesicularia reticulata 

Amamiooshima Isl. 

Mar. 1964 (Apr. 1964) 

*Plagiothecium denticulatum 

Mt. Hakkodasan 

Aug. 1973 (Mar. 1974) 

Herzogislla turfacea 

Mt. Rishiridake 

Jul. 1974 (Mar. 1974) 

Hypnaceae 



Callicladium haldanianum 

Mt. Rishiridake 

Jul.1973 (Mar. 1974) 

*Hypnum lindbergii 

Mt. Daisetsuzan 

Jul.1973 (Mar. 1974) 

Homomallium connexum 

Izumotaisha 

May 1964 (May 1964) 

Ectropothecium planum 

Tokunoshima Isl. 

Mar. 1964 (Apr. 1964) 

Brotherella recurvans 

Shigakogen Plateau 

Aug.1965 (Sep.1965) 

Heterophyllium foliolatum 

Mt. Kisokomagatake 

Aug. 1973 (Mar. 1974) 


protruded from a cell of protonema. The branching may occur from every 
cell of filamentous protonema (Fig. 1, D). Thus, at the earlier stage the 
protonema is composed of some elongated filaments and short branches 
developing from the filament (Fig. 1, F). The short branches are usually 
composed of 6-10 cells and some secondary branches may develop from the 
short branches (Fig. 1, E). The bud of leafy plant is formed at earlier 
stage and usually occurs near the base of the protonema (Fig. 1, G). Later, 
the brownish, prostrate protonema (caulonema), having numerous elongated 
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Fig. 1. Various stages of the protonema deveiopment in Hvpnobryales. 
A-G. Anacamptodon latidens (A, spore; B,C, filamentous protone- 
mata at the earlier stage: D, a part of protonema; E, rhizoids; F, 
protonema; G, a leafy shoot near primary spore). 

H-N. Lescuraea saxicola (H, spore; I,J, protonemata at the earlier 
stage; K,L, filamentous protonemata; M, a part of pinnate proto¬ 
nema; N, protonema). 

A,B,D,E,H-J x206; C,G,K-M x!24; F X20; N x30. 
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, chloroplasts and the oblique septa, is developed, which is clearly distinguished 
^ from the greenish erect protonema (chloronema), having numerous globular 
chloroplasts and the septa crossing the long axis at right angle. This 
observation indicates that Anacamptodon latidens shows the heterotrichous 
habit. 

2. Lescuraea saxicola (B. S. G.) Mol. (Fig. 1, H-N; Fig. 2) 

Spores are spherical, 15. 0-20. 0 in diameter and papillose on surface. 
In a few days after treatment, the spore slightly elongates (Fig. 1, H) and 
becomes ovoid. The first wall is formed crossing the axis of the ovoid 
spore at right angle. The second wall is transversely formed in one of 
the daughter cells, resulting in a three-celled protonema (Fig. 1, I). By 
further divisions, the filamentous protonemata semetimes with branches 
are developed radially (Fig. 1, J-L). The protonema cells, whose walls are 
comparatively thick, are short and contain numerous dark-green chloroplasts. 
At the basal part of protonema, each cell is almost equal both in length 
and width. The number of branches increases as the protonema developed, 
forming pinnate protonema (Fig. 1, M, N; Fig. 2). The pinnate system of 
protonema is the most important feature for this species. Lescuraea saxicola 
does not show the heterotrichous habit. 



Fig. 2, Pinnate protonema of Lescuraea saxicola. x210. 


3. Thuidium bipinnatulum Mitt. (Fig. 3, A-F) 

Spores are spherical, 12.5-17.5^ in diameter and papillose on surface 
(Fig. 3, A). In a few days after treatment, the spore is slightly elongated 
and becomes ovoid. The first wall is formed crossing the long axis of the 
ovoid cell at right angle (Fig. 3, B). In one of daughter cells, the second 
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Fig. 3. Various stages of the protonema development in Hypnobryales. 
A-F. Thuidium bipinnatulum (A, spore; B-E, protonema develop¬ 
ment at the earlier stage; F. protonema). G-J. Leptodictyum ripa- 
rium (G, spore; H, two-celled protonema; I, filamentous protonema; 
J, a leafy shoot). K-M. Cratoneuron filicinum (K, appearance of 
germ tube-like cell; L,M, filamentous protonemata). N. Drepanocla- 
dus uncinatus (protonema). O.P. Campylium sommerfeltii (0, fila¬ 
mentous protonema; P, bud formation at the apical part of protone¬ 
ma). Q. Hygrohypnutn tsurugizanicum (protonema). 
A-D,G-L,N,P,Q x206; E,M,0 xl24; F x30. 
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wall is formed in parallel to the first wall, resulting in a three-celled 
filamentous protonema (Fig. 3, C). By further divisions, a several-celled 
filamentous protonema is developed (Fig. 3, D). The number of branches 
increases as the protonema developed even at the earlier stage (Fig. 3, E, 
F). Ovoid or globose cells are sometimes formed near the basal and on 
the apical parts of the protonema. The cells of intercalary part of the 
protonema turn into brown color. Erect greenish branches are usually 
formed from the brownish prostrate protonema. Thuidium bipinnatulum 
has no oblique septa in any portion of the protonema, and it does not show 
the heterotrichous habit. 

4. Leptodictyum riparium (Hedwu) Warnst. (Fig. 3, G-J) 

Spores are spherical, 12.5-15.5 g in diameter and papillose on surface 
(Fig. 3, G). In a few days after treatment, the spore becomes ovoid. The 
first wall is formed crossing the long axis of the ovoid cell (Fig. 3, H). 
One of daughter cells elongates into short filament and the second wall is 
formed in parallel to the first wall, resulting in a three-celled filamentous 
protonema. By further transversal divisions, a long filamentous protonema 
is developed (Fig. 3, I). There are observed no differences between the 
filamentous protonema and the branches of the protonema in the cell feature. 
The branching of protonema is rather poor. The present species has no 
oblique septa in any portion of the protonema, and it does not show the 
heterotrichous habit. 

Cratoneuron filicinum (Fig. 3, K-M), Sanionia uncinata ( = Drepanocladus 
uncinatus ) (Fig. 3, N), Campylium sommerfeltii (Fig. 3, O, P) and Hygrohypnum 
tsurugizanicum (Fig. 3, Q) of the Amblystegiaceae are almost similar to 
Leptodictyum riparium in the protonema development. But in Campylium 
sommerfeltii, it is the most important character that the bud of leafy plant 
sometimes occurs at the apical part of the protonema (Fig. 3, P). 

5. Plagiothecium denticulatum (Hedw.) B. S. G. (Fig. 4, A-D) 

Spores are spherical, 12.5-17.5 g in diameter and papillose on surface 
(Fig. 4, A). In a few days after treatment, the spore becomes ovoid. The 
first wall is formed crossing the long axis of the ovoid cell (Fig. 4, B). 
One of daughter cells elongates into the short filament, and the second 
wall is formed in parallel to the first wall, resulting in a three-celled fila¬ 
mentous protonema (Fig. 4, C). By further divisions, a long filamentous 
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Fig. 4. Various stages of the protonema development in Hypnobryales. 

A-D. Plagiothecium denticulata (A, spore: B,C, protonemata at the earlier 
stage; D, protonema). E. Isopterygium albescens (an apical part of proto¬ 
nema). F. Vesicularia reticulata (filamentous protonema). G. Herzogiella 
turfacea (ovoid or globose cells of protonema). H-L. Hypnum lindbergii 
(H, spore; I,J, protonemata at the earlier stage: K, ovoid or globose cells 
of protonema). M. Callicladium haldanianum (an apical part of protonema). 
N. Homomallium connexum (protonema). 0. Ectropothecium planum (an 
apical part of protonema). P. Brotherella recurvans (protonema at the 
earlier stage). Q. Heterophyllium foliolatum (protonema). 

A-C,E,G-K,M x206; D,L,Q x30; F,P x390: N,0 xl95. 
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protonema is developed. Since the protonema cells are considerably flexible, 
the filament is usually twisted. No differences are observed between the 
filamentous protonema and the branches of the protonema in the cell feature. 
The branching of protonema is rather poor (Fig. 4, D). Ovoid or globose 
cells are sometimes formed at the apical part of the protonema, which are 
also observed in some pleurocarpous mosses such as Herzogiella turfacea 
(Fig. 4, G) and Hypnum lindbergii (Fig. ;4* K). Plagiothecium denticulatum 
has no oblique septa in any portion of the protonema, and it dose not show 
heterotrichous habit. 

Isopterygium albescens (Fig. 4, E). Vesicularia reticulata (Fig. 4, F) and 
Herzogiella turfacea of the Plagiotheciaceae are almost similar to Plagio¬ 
thecium denticulatum in the protonema development. 

6. Hypnum lindbergii Mitt. (Fig. 4, H-L) 

Spores are spherical, 16.0-18.0 p. in diameter and papillose on surface 
(Fig. 4, H). In a few days after treatment, the spore becomes ovoid. The 
first wall is formed crossing the long axis of the ovoid cell at right angle. 
One of daughter cells elongates and the second wall is formed in parallel 
to the first wall, resulting in a three-celled filamentous protonema. By 
further transversal divisions, a long filamentous protonema is developed 
(Fig. 4, I, J). Since the cells of the protonema are considerably flexible, 
the filament is usually twisted. There are observed no differences between 
the filamentous protonema and the branches of the protonema in the cell 
feature. The branching of protonema is rather poor. This species does 
not show the heterotrichous habit. 

For the Hypnaceae, the following species were also observed : Homomal- 
lium connexum (Fig. 4, N), Callicladium haldanianum (Fig. 4, M), Brotherella 
recurvans (Fig. 4, P), Ectropothecium planum (Fig. 4, 0) and Heterophyllium 
foliolatum (Fig. 4, Q; Fig. 5). Homomallium connexum is shorter in the 
length of protonema cell than the others in the Hypnaceae (Fig. 4, N). In 
Callicladium haldanianum, the longer filamentous protonema is well developed 
and the bud of leafy plant usually occurs on the cell of the prostrate proto¬ 
nema. In Hypnum lindbergii and Brotherella recurvans the clusters of ovoid 
or globose cells are sometimes formed at the apical part of the protonema 
(Fig. 4, K). Ectropothecium planum (Fig. 4, O) and Heterophyllium foliolatum 
(Fig. 4, Q; Fig. 5) are almost the same as Hypnum lindbergii in the proto- 
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Fig. 5, Protonema cells of Heterophyllium foliolatum. X210. 

nema development. 

Discussions 

For the Leskeaceae, protonema of Pseudoleskeopsis orbiculata ( = P. ja- 
ponica) was already observed by Nehira (1964). This species differs from 
Lescuraea saxicola described in the present paper in the protonema structure ; 
the former shows heterotrichous habit, while the latter does not. 

For the Thuidiaceae, protonemata of Haplocladium capillatum and Clao- 
podium assurgens were already observed by Noguchi & Miyata (1957) and 
by Nehira (1965), respectively. Thuidium bipinnatulum is almost the same 
with those species in the protonema development. 

As to the sporelings in other families of the Hypnobryales, two reports 
for Brachytheciaceae were already published by Allsopp & Mitra (1958) on 
Eurhyncium riparioides and Brachythecium rutabulum and by Nishida (1966) 
on Brachythecium rutabulum. For the Sematophyllaceae, Nehira (1965) already 
observed the protonema on Trichosteleum aculeatum. These species did not 
show the heterotrichous habit. It is well known that acrocarpous mosses 
show the heterotrichous habit in the process of protonema development. 
But, as mentioned above, in most species of pleurocarpous mosses, the 
protonema did not show the heterotrichous habit. 

The buds of leafy plant are usually formed on the terminal or on the 
middle part of a prostrate protonema, and the branches of protonema are 
usually irregular and short. In Anacamptodon latidens, the buds of leafy 
plant usually occur near the basal part of the protonema, and in Lescuraea 
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saxicola, the branches are rather short and numerous in number, forming 
pinnate system of protonema. 

» Literature cited 

Allsopp, A. & Mitra, G. C. 1958. The morphology of protonema and bud 
formation in Bryales. Ann. Bot. 22 : 95-115. Nehi-ra, K, 1964. The ger¬ 
mination of spores in Musci 2. Hikobia 4 : 43-51. . 1965. The ger¬ 
mination of spores in Musci 3. Hikobia 4 : 181-187. Nishida, Y. 1966. 
Studies on the germination of the spore in some mosses (VI). Rep. Att. 
Mid. School, Shimane Univ. No. 9: 61-68. Noguchi, A. & Miyata, I. 1957. 
Sporelings and regenerants in some mosses. Kumamoto J. Sci. B. Sect. 2, 
3 : 1 - 19 . 

* * * * 

ii'yh^3-vgi8i»i't, Jcft^to zh 
PjO $ "bj, (Anacamptodon latidens, Lescuraea saxicola , Thuidium 

bipinnatulum, Leptodictyum riparium, Plagiothecium denticulatumis iff Hypnum 
lindbergii ) 

pleurocarpous (D V’/U— 7°tV b g 

Anacamptodon 

latidens § pi, >1 OfftrltS ^ L> ffifRj#* 

Lescuraea saxicola <D0.fei$<D%l J: 0 fa#* < , ^ 

PP- 215 419 (1976, I) ¥380 o < 

lEfs4R-®v-tWci'< 

tmkpi) 

bM^tcJjP'foP'i) Xb'kB 5o x^O^S-ilOStri:. 

*L, ^LtlSjtIVMO®^So ^^flJo-C® 

tr, SIS 


— 30 — 



